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(54) POLARIZATION MODE DISPERSION 
DISPERSION MEASURING METHOD 



MEASURING DEVICE AND POLARIZATION MODE 



(57) A method capable of measuring polarization 
mode dispersion (PMD) with simple techniques and 
high sensitivity. A polarization mode dispersion meas- 
uring device comprising an FSF laser (FSFL)(3) for gen- 
erating a frequency chirp light, an optical amplifier 
(AMP) (5) for amplifying the frequency chirp light, an off- 
set circuit (7), a 7J2 plate (8), a beam splitter (BS) (9), 
an analyzer (2) for retrieving polarization components 
required for measuring from each light wave after prop- 



agating through fast axis and delay axis of an optical 
fiber to be measured (1), a lens (10), a photodetector 
(PD) (11) for detecting a light wave passed through the 
lens (10), and an RF spectrum analyzer (RFSA) (12) for 
observing a spectrum waveform of the lightwave. Since 
a frequency chirp light, after propagating through the op- 
tical fiber to be measured (1) and passing through the 
analyzer (2), is detected and a variation in best frequen- 
cy is measured to determine a PMD value, a PMD value 
can be determined simply and with high sensitivity. 
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Description 

Technical Field 



5 [0001] The present invention relates to polarization-mode-dispersion measuring devices and polarization-mode-dis- 
persion measuring methods for measuring polarization-mode dispersion among the dispersion characteristics of optical 
fibers. 

Background Art 

10 

[0002] In the field of long-distance optical communication, as the transmission rate has increased, managing the 
dispersion characteristics of optical transmission fibers has become an important issue. Polarization-mode dispersion 
(PMD) is one dispersion factor, and is caused by a group delay between two orthogonal polarization modes. 
[0003] in optical fibers used for regular optical communication, since the core diameter has a shape that deviates 
is from an ideal circle due to external stresses such as heat, tension, and pressure, birefringence occurs inside the core, 
which causes PMD. Since PMD is one factor limiting the transmission capacity In high-speed optical communication, 
it has become increasingly necessary to manage PMD in recent years. 



Disclosure of invention 

20 

[0004] PMD measurement can be roughly divided Into measurement in the time domain and measurement In the 
frequency domain. The former is performed by an interference method etc., and the latter is performed by a fixed 
analyzer method, a polarimetric method (such as the Poincare sphere method, the Jones Matrix (JME) method, or the 
SOP (State of Polarization) method), etc. In these measurement methods, however, is it necessary to arrange an 
25 optical detection system at the output end of an optical fiber under test (optical fiber to be measured) and therefore, 
measurement Is difficult In existing optical communication networks, and in addition, the measurement system tends 
to be complicated. 

[0005] The present invention has been made in view of the foregoing situation. An object of the present invention is 
to provide a polarization-mode-dispersion measuring device and a polarization -mode-dispersion measuring method 
30 which allow PMD measurement to be performed at a high sensitivity with an easy technique. Further, another object 
of the present invention is to always allow polarization-mode-dispersion measurement to be performed without making 
a generated beat signal undetectable in a DC component even when the PMD value is sma!l. 
[0006] To solve the foregoing problems, according to first solving means of the present invention, a polarization- 
mode-dispersion measuring device is provided which includes: 

35 

chirped light generating means for generating frequency-chirped light whose frequency changes in proportion to 
time; 

offset means for branching the frequency-chirped light generated by the chirped light generating means into two 
orthogonal linearly polarized components and for applying an optical path difference to the two linearly polarized 
40 components; 

a wave plate for rotating the linear-polarization directions of the frequency-chirped light sent from the offset means, 
by a predetermined angle; 

an analyzer for passing polarization components required for measurement after the frequency-chirped light has 
passed through the wave plate and has propagated through an optical fiber under test; and 
45 detection means for detecting light waves which pass through the analyzer, and for detecting the polarization- 

mode dispersion value of the optical fiber under test according to a beat signal of the detected light waves. 

[0007] In addition, according to second solving means of the present invention, a polarization-mode-dispersion meas- 
uring method is provided which includes: 

50 

a step of generating frequency-chirped light whose frequency changes in proportion to time; 

a step of branching the generated frequency-chirped light into two orthogonal linearly polarized components and 

of applying an optical path difference to the two linearly polarized components; 

a step of rotating the linear-polarization directions of the frequency-chirped light by a predetermined angle; 
55 a step of propagating the frequency-chirped light to which the optical path difference is applied, through an optical 

fiber under test; 

a step of passing polarization components required for measurement after the frequency-chirped light has prop- 
agated through the optical fiber under test; and 
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a step of detecting the light waves which pass through, and of detecting the polarization-mode dispersion value 
of the optical fiber under test according to a beat signal of the detected light waves. 

[0008] Further, in the present invention, since a group delay time between light waves propagating along a fast axis 

5 and a slow axis of an optical fiber under test, the group delay being generated due to polarization-mode dispersion, is 
calculated from the frequency of the beat signal generated between the light waves , the polarization-mode dispersion 
is calculated with high sensitivity. In addition, in the present invention, since an analyzer having an angle of about 45 
degrees with respect to the fast axis and the slow axis of the optical fiber undertest is provided, polarization components 
required for measurement are extracted from the light waves propagating along both the fast axis and the slow axis. 

10 [0009] Further, in the present invention, since first diffraction light frequency-shifted by the Doppler effect Is fed back 
to generate the frequency-chirped light, the frequency-chirped light has superior linearity. In addition, In the present 
invention, since a ring cavity in which a predetermined gain medium, a predetermined excitation light source, wave- 
length division multiplexing couplers, an output coupler, a polarization controller, optical isolators, and a frequency- 
shifting element are connected in a ring shape generates frequency-chirped light, the frequency is shifted by a prede- 

15 termined frequency with high sensitivity in every cycle of the ring cavity. 

[001 0] Further, since a polarization-mode-dispersion value is detected according to the change in beat frequency of 
two light waves to which an optical path difference has been applied by the offset means, the polarization-mode- 
dispersion value is detected simply and with high sensitivity. In addition, in the present invention, since the fact that 
the beat spectral profile differs according to the incident angle of the light wave obtained after passing through the 

20 offset means is taken into consideration, the change in beat frequency can be measured according to the beat spectrum 
intensity with respect to the Incident angle. 

Brief Description of the Drawings 

25 [0011] 

Fig. 1 is a view describing the principle of PMD measurement carried out by a polarization-mode-dispersion meas- 
uring device according to the present invention. 

Fig. 2 is a block diagram showing the entire configuration of a polarization-mode-dispersion measuring device 
30 according to a first embodiment of the present invention. 

Fig. 3 is a view showing typical instantaneous frequency components of an FSF laser output. 
Fig. 4 is a block diagram showing a detailed configuration of an FSF laser. 

Fig. 5 is a view showing observation results of the oscillated spectrum of the FSF laser shown in Fig. 4, carried 

out using an optical spectrum analyzer. 
35 Fig. 6 is a view showing instantaneous frequency components obtained during detection. 

Fig. 7 is a view showing light waves in an offset circuit and a component passing through an analyzer. 

Fig. 8 is a view showing the relationship between the incident angle of a light wave and beat intensity. 

Fig. 9(a) is a view showing the relation between the incident angle of a light wave which has passed through the 

offset circuit and intensity of beat spectrum, and Fig. 9(b) is a view showing the relation between the incident angle 
40 of a light wave which has passed through the offset circuit and beat frequency. 

Fig. 10(a) is a view showing the relation between the incident angle and intensity of beat spectrum, and Fig. 10 

(b) is a view showing the relation between the incident angle and beat frequency. 

Fig. 11 is a view showing the relation between optical-fiber length and PMD. 

Fig. 12 is a view showing a result of estimating the beat-frequency reading accuracy. 
45 Fig. 13 is a block diagram showing the entire configuration of a polarization-mode-dispersion measuring device 

according to a second embodiment of the present invention. 

Fig. 1 4 is a view showing a structural view of chirped light generating means according to the second embodiment. 
Fig. 15 is a view showing a structural view of chirped light generating means according to a third embodiment. 

50 Best Mode for Carrying Out the invention 

[001 2] A polarization-mode-dispersion measuring device and a polarization-mode-dispersion measuring method ac- 
cording to the present invention will be specifically described below by referring to the drawings. 
[0013] In particular, in the present invention, optical frequency domain reflectometry (OFDR) is used to perform PMD 
55 measurement. More specifically, the transmission-time dependency on polarization state caused by the PMD is ob- 
tained from a beat frequency. A frequency-shifted feedback laser (FSF laser) developed by the present applicant is 
used as a light source, and a simple polarization-mode-dispersion measuring device which allows PMD measurement 
to be performed only at a single end face of an optical fiber undertest is used. A polarization-mode-dispersion measuring 
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device and a polarlzatlon-mode-dlsperslon measuring method according to the present invention will be described 
below in detail. 

[001 4] Fig. 1 is a view showing the PMD measurement principle employed by a polarization-mode-dispersion meas- 
uring device according to the present invention. Fig. 1(a) shows a typical Instantaneous frequency component propa- 
gating through an optical fiber 1, and Fig. 1(b) and Fig. 1(c) show the instantaneous frequency of frequency-chirped 
light Incident on the optical fiber 1 , and the Instantaneous frequency of frequency-chirped light propagating In the optical 
fiber 1, respectively. Frequency-chirped light means an optical wave whose frequency changes with time. 
[0015] When the optical fiber 1 exhibits PMD, a propagation time difference occurs between optical waves propa- 
gating along the fast axis and the slow axis of the optical fiber 1 , and the optical waves show a characteristic such as 
that shown in Fig. 1 (c) after propagation through the optical fiber 1 . Since these two optical waves are orthogonal to 
each other, an analyzer 2 set at an angle of 45 degrees (or almost 45 degrees) with respect to the fast axis and the 
slow axis is disposed at the emission side of the fiber 1 (FUT) under test in order to extract a polarization component 
required for measurement from the optical waves. The frequency-chirped light propagates through the optical fiber 1 
under test, then passes through the analyzer 2, and is detected. With the use of a self-bea£ signal obtained in this 
operation, the PMD value is detected. 

[001 6] In such a PMD-value measurement technique, the linearity of the frequency-chirped light source Is important. 
The use of an FSF laser, which has superior linearity, makes high-accuracy PMD measurement possible. 
[0017] The PMD value t is given by expression (1), 

x = f B /Y (1) 

where, 7 indicates the chirp rate of the frequency-chirped light, f B indicates the frequency of a beat signal generated 
by OFDR, and y = v fs /t rt (t rt indicates the cycle time of the cavity, and v FS indicates the amount of frequency shift 
per cycle of the cavity). 

[0018] Fig. 2 is a block diagram showing the entire configuration of a polarization-mode-dispersion measuring device 
according to an embodiment of the present invention. The polarization-mode-dispersion measuring device shown in 
the figure includes an FSF laser (FSFL, serving as chirped light generating means) 3 for generating frequency-chirped 
light; a polarization controller (PC) 4; an optical amplifier (AMP) 5 for amplifying the frequency-chirped light; an offset 
circuit (offset means) 7 formed of a Mach-Zehnder interferometer, or the like, having two polarization beam splitters 
(PBS) 6a and 6b for applying an optical path difference to the two orthogonal linearly polarized components of the 
frequency-chirped light; a X/2 plate 8; a beam splitter (BS) 9 for switching the optical path; an analyzer 2 at a prede- 
termined angle with respect to the fast axis and the slow axis of the optical fiber 1 under test, for extracting polarization 
components required for measurement when each light wave which has propagated through the optical fiber 1 under 
test passes therethrough; a lens 10forfocusing the lightwave which has passed through the analyzer 2; a photodetector 
(PD) 1 1 for detecting the light wave which has passed through the lens 1 0; an RF spectrum analyzer (RFSA, serving 
as detection means) 12 for observing the spectral profile of the light wave; and a computer (PC) 14 for detecting the 
PMD according to the observation results obtained by the RFSA 1 2. A reflecting mirror may be provided at the output 
end (the end disposed opposite to the BS 9) of the optical fiber 1 or in the vicinity thereof. 

[0019] In such a configuration, frequency-chirped light (measurement light) output from the FSF Iaser3, which serves 
as a light source, is incident on the offset circuit 7 through the polarization controller 4 and the AMP 5. In the offset 
circuit 7, among orthogonal linearly polarized beams of the frequency-chirped light emitted from the FSF laser 3, a 
beam linearly polarized in one direction passes straight through the PBS 6a and a beam linearly polarized in the other 
direction is reflected from the PBS 6a to divide the frequency-chirped light into two linearly polarized components, and 
to apply an optical path difference to the two components. The two light waves having such an optical path difference 
are again coupled by the other PBS 6b in the offset circuit 7, the \J2 plate 8 changes the polarization direction of each 
linearly polarized component to a predetermined polarization angle, and the coupled lightwave is incident on the optical 
fiber 1 under test. The light wave is reflected by a mirror or the like provided at the output end of the optical fiber 1 
under test or in the vicinity of the output end. The reflected light is output from the input end of the optical fiber 1 under 
test, passes through the analyzer 2 via the BS 9, so that polarization components required for measurement are ex- 
tracted. The polarization components are received by the PD 11, and then a beat signal generated by the linearly 
polarized components is received. The received beat signal is used to calculate the PMD value (details will be described 
later). 

[0020] The FSF laser 3 for generating frequency-chirped light will be described here in detail. 
[0021] The FSF laser 3 shown in Fig. 2 has an acousto-optic modulator (AOM) serving as a frequency-shifting ele- 
ment Inside a cavity, and feeds back first diffraction light frequency-shifted by the Doppler effect to generate laser light. 
[0022] The inventors have theoretically and experimentally found that the instantaneous frequency component of 
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the output from the FSF laser 3 is composed of a multiple components (chirp frequency comb) which chirps with time. 
In such a cavity, a standing wave cannot exit, and the instantaneous frequency v ( (t) is given by expression (2): 



[0023] In expression (2), Tp^ indicates the cycle time of the cavity (1/t rt is the longitudinal-mode frequency of the 
cavity), v FS indicates the amount of frequency shift per cycle of the cavity, and q is an integer. 

10 [0024] I n a frequency-shifted feedback type cavity used for the FSF laser 3, the instantaneous frequency allowed at 
a certain moment exists In every cavity longitudinal-mode frequency (1/Tprr) interval, and frequency chirping is contin- 
uously applied to individual instantaneous frequency components (frequency comb components) at a rate (y = v FQ / 
t rt ) equivalent to the amount of frequency-shift per cycle of the cavity. The frequency chirp range v BW is limited to a 
certain range by the spectral profile of the gain medium, and each frequency component is frequency-chirped with its 

is intensity being changed according to the spectral gain profile. 

[0025] Fig. 3 is a diagram showing typical Instantaneous frequency components of the output of the FSF laser 3. In 
the figure, gray levels show intensity changes. The chirp rate y is given by v FS /x RT . 

[0026] Fig. 4 is a block diagram showing a detailed configuration of the FSF laser 2. The FSF laser 2 is a ring-shaped 
laser cavity using an acousto-optic modulator (AOM, whose propagation medium is, for example, Te0 2 ) serving as a 

20 frequency-shifting element. In the laser cavity, there are provided an erbium-doped fiber (EDF, having, for example, 
an Er^-doplng concentration of 900 ppm and a fiber length of 15 m) 22 having a high compatibility with the optical 
fiber; wavelength division multiplexing couplers (WDM) 23 on which light from semiconductor lasers (LD, having, for 
example, a width of 1 .48 u/n and a maximum excitation power of 67 mW) is Incident, the lasers serving as excitation 
light sources; optical isolators (Ol) 24; an output coupler (whose branching ratio is, for example, 90:10 (10 dB)) 25; a 

25 polarization controller (PC) 26; collimators 27; a bandpass filter (BPF) 28; and a signal generator (SG) 29 for driving 
the AOM 21. 

[0027] The AOM 21 is inserted between the pair of collimators 27, and the optical coupling efficiency, Including its 
diffraction efficiency, is, for example, 25%. The amount v FS of frequency shift per cycle of the cavity is equal to the 
driving frequency of the AOM 21 , for example, 120 MHz, and the cavity longitudinal-mode frequency 1/tr,- is, for 
30 example, 9.38 MHz. Thereby, thechirp rate y= v fs /tr T expressing the speed at which the frequency changes becomes 
1.13PHz/s. 

[0028] Fig. 5 is a view showing the observation results of the oscillated spectrum of the FSF laser 3 shown in Fig. 
4, carried out by an optical spectrum analyzer. In this example, the frequency chirp range is 11 0 GHz from the full width 
at the half maximum of the oscillated spectrum. The center wavelength of the oscillation is 1 .556 u.m. 
35 [0029] An acousto-optic tunable filter (AOTF) can be used instead of the AOM as the frequency-shifting element. 
The AOTF is a frequency-shifting element having narrow-band wavelength transmission characteristics. Since the 
oscillated wavelength becomes electronically tunable by using the AOTF, the BPF in the cavity is not necessary, and 
the configuration of the device is thus simplified. 

[0030] PMD measurement using an FSF laser will be described next in detail. 

40 [0031] Fig. 6 is a view showing instantaneous frequency components during detection. When frequency-chirped light 
emitted from the FSF laser 3 is detected after it propagates through the optical fiber 1 under test and passes through 
the analyzer 2, beat signals f B1 and f B2 dependent on the PMD delay time are generated at both sides of a beat signal 
(f Boffset , hereinafter called the offset frequency) which is proportional to a delay time t^^. The signal intensities of 
these three beat signals f Boffset , f B1 , and f B2 depend on the incident angle of the light wave into the optical fiber 1 under 

45 test and the angle of the analyzer 2. 

[0032] The beat signal intensity during detection is given by the following determinant: 
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[0033] Fig. 7 is a view describing Sight waves in the offset circuit and components passing through the analyzer. Fig. 
8 is a view showing the relationship between the incident angle of a light wave and beat intensity. 
[0034] As shown in Fig. 7(a) and Fig. 7(b), in expressions (3) and (4), a indicates the angle formed by a path-2 
component in the offset circuit 7 and the slow axis of the optical fiber 1 under test, and p indicates the angle formed 
by the analyzer 2 and the slow axis. 

[0035] The matrix components of expression (3) indicate, respectively from the left, the effect of the analyzer 2, that 
of the PMD t of the optical fiber 1 under test, that of the incident angle of the laser output light, and that of the delay 
time ^fket of the offset circuit 7. When the angle of the analyzer 2 is ideally set to p = 45 degrees, the beat frequency 
is given by expression (5): 



(5) 



[0036] Fig. 8(a), Fig. 8(b), and Fig. 8(c) are views showing relationships between the incident angle a of a light wave 
on the optical fiber 1 under test and a beat component. When a = 0 degrees, that is, when a path-1 component matches 
the fast axis, since the total delay time becomes t of!sel + x, a beat spectrum is generated at the higher frequency side 
(f B1 ) of the offset frequency, as shown in Fig. 8(a). 

[0037] Conversely, when a = 90 degrees, that is, when the path-2 component matches the fast axis, since the total 
delay time becomes t offset - 1, a beat spectrum is generated at the lower frequency side (f B2 ) of the offset frequency, 
as shown in Fig. 8(b). 

[0038] In contrast, when a is between 0 degrees and 90 degrees, there are two beat spectra f Q1 and f^, as shown 
in Fig. 8(c). When the PMD is low, the two spectra overlap. Therefore, fitting is applied to these spectra by the theoretical 
expression (4) to obtain the beat frequency. 

[0039] As described above, a PMD value 1 is obtained by the following expressions: 



Af B «(f B i-W2 
t = Af B /y 



(6) 
(7) 



where, Af B indicates the change in beat frequency obtained when the incident angle Is changed. 
[0040] In the present embodiment, the A/2 plate 8 is used to control the polarization direction of measurement light, 
the center frequency of the beat signal is measured with the rotation angle 6 of the polarization direction being used 
as a parameter, and a peak-to-peak value Af B obtained as a result is used to obtain the PMD value. More specifically, 
the analyzer 2 is arranged first such that it forms an angle of 45 degrees with respect to the fast axis and the slow axis 



6 



EP 1 258 719 A1 



of the optical fiber 1 under test. To this end, the A/2 plate 8 is rotated in units of 1 80 degrees and Is fixed when the beat 
spectrum intensity becomes flat. Then, the A/2 plate 8 is rotated by 180 degrees, and the peak-to-peak value between 
beat center frequencies is read. 

[0041] Since this value corresponds to 2Af B , the PMD value can be obtained by expression (7). 

s [0042] In addition, in the present embodiment, since the frequency-chirped light propagates through the optical fiber 
1 , further passes through the analyzer 2, and then is detected, the change In beat frequency is measured, and the 
PMD value is obtained by expression (7), the PMD value is obtained simply and with high sensitivity. Further, in the 
present invention, PMD measurement can be applied to existing optical communication networks, and it is not likely 
that the measurement system has a complicated configuration. 

10 [0043] A measurement result obtained by a polarization-mode-dispersion measuring device according to the present 
invention will be described next. First, in a principle demonstration experiment using a polarization-maintaining optical 
fiber (PMF) , a measurement result of a PMF having high birefringence inside the optical fiber and having no polarization- 
mode coupling will be shown. 

[0044] Fig. 9(a) is a view showing the relationship between the incident angle of a light wave which has passed 
15 through the offset circuit 7 and beat spectrum intensity, and Fig. 9(b) is a view showing the relationship between the 
incident angle of a light wave which has passed through the offset circuit 7 and beat frequency. Each figure is obtained 
at measurement with the angle p of the analyzer being used as a parameter. Solid lines indicate theoretical calculation 
results, and dotted lines indicate measurement results. 

[0045] it is found from the results shown in Fig. 9(a) that the beat spectrum intensity is almost constant when the 

20 angle p of the analyzer 2 is set to 45 degrees. It is also found from Fig. 9(b) that the change 2Af B of the beat frequency 
in this case is 400 Mz. From these results, a PMD value t of 0.18 ps (1 .51 ps/m) is obtained. 
[0046] Measurement results for a single-mode optical fiber (SMF), which is actually used for optical communications, 
will be shown next. Assuming here that a regular optical communication is performed, and polarization-mode coupling 
exists inside the optical fiber, a PMD measurement with the use of the single-mode fiber (in this example, a fiber length 

25 L is set to 20 km) will be shown. 

[0047] Fig. 1 0(a) is a view showing the relationship between the incident angle and beat spectrum intensity, and Fig. 
1 0(b) is a view showing the relationship between the incident angle and beat frequency. Solid lines indicate theoretical 
calculation results. It Is found from the results shown in Fig. 10(a) that the beat spectrum intensity is almost constant 
irrespective of the incident angle when the angle p of the analyzer 2 is set to 45 degrees, as shown in a result of the 

30 above-described principle demonstration experiment. It is also found from Fig. 1 0(b) that the change 2Af B of the beat 
frequency is 390 Hz. From these results, a PMD value i of 0.17 ps (0.04 ps/Vkm) is obtained. 
[0048] Fig. 11 is a view showing the relationship between ah optical-fiber length and PMD. As shown in the figure, 
it is found that the PMD value t increases in proportion to the square root of the length of the optical fiber 1 . 
[0049] It is understood from expression (6), described above, that the accuracy of the current PMD measurement 

35 depends on the reading accuracy of a beat frequency. 

[0050] Fig. 1 2 is a view showing the results of estimating the reading accuracy of a beat frequency. From the result 
shown in the figure, a accuracy dt of ±0.01 ps is obtained for PMD measurement using the FSF laser 3. The meas- 
urement accuracy depends on the frequency chirp range of the laser output light and the reading accuracy of the 
spectrum analyzer. Therefore, to perform a high-accuracy measurement, it is necessary to extend the frequency chirp 

40 range and to measure the beat frequency by the use of a frequency counter. 
[0051 ] Other embodiments of the present invention will be described next. 

[0052] Fig. 1 3 is a block diagram showing the entire configuration of a polarization-mode-dispersion measuring de- 
vice according to a second embodiment of the present invention. 

[0053] In the present embodiment, in addition to the above-described configuration, driving sections 101 and 102, 
45 a control section 103, a bandpass filter 110, a frequency counter 111 , and a power meter 112 are provided. 

[0054] Since the optimum condition of the angle of the analyzer, which is important in PMD measurement, does not 
depend on the incident angle but needs to maintain the beat spectrum intensity at a constant state, when the A/2 plate 
8 and the analyzer 2 are automatically controlled by the driving sections 101 an 102, such as a motor, and by the 
control section 103, such as a motor driver, measurement work which has been manually performed so far can be 
50 made fully automatic. 

[0055] More specifically, the control section 1 03 controls the driving section 1 02 such that the analyzer 2 is set to 45 
degrees with respect to the fast axis and the slow axis of the optical fiber 1 under test To this end, the A/2 plate 8 is 
rotated in units of 180 degrees and is fixed when the beat spectrum intensity becomes flat. Then, the control section 
103 controls the driving section 101 such that the A/2 plate 8 is rotated by 180 degrees, and the peak-to-peak value 
55 between beat center frequencies is read. Since this value corresponds to a minute change 2Af B , the PMD value can 
be obtained by substituting it in expression (1). 

[0056] When the frequency counter 111 , the power meter 112, and the bandpass filter (BPF) 110 are used instead 
of the RF spectrum analyzer (real-time spectrum analyzer), which is currently used, in beat-frequency measurement, 
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a more simple device configuration Is allowed. 

[0057] Chirped light generating means according to other embodiments will be described below. There chirped light 
generating means has a structure which can be substituted for the FSF laser 3 in the above-described measuring 
device. 

[0058] Fig. 1 4 is a structural view of chirped light generating means according to a second embodiment. An acousto- 
optlc tunable filter (AOTF) 200 Is used as the frequency-shifting element shown In Fig. 4, and the BPF 28 is omitted. 
The oscillated wavelength can be electronically controlled when the PC 8 controls the signal generator 29 serving as 
a driving signal source. 

[0059] Fig. 15 is a structural view of chirped light generating means according to a third embodiment. An all-fiber 
acousto-optic modulator (all-fiber AOM) 300 using an optical fiber as a medium is used as the frequency-shifting ele- 
ment shown in Fig. 4, and the collimators 27 are omitted, so that the measuring device can have an all-fiber configu- 
ration. 

[0060] Any appropriate frequency-chirped light source whose oscillated frequency shifts with time can be employed. 
Further, instead of measurement being performed at the input side of the optical fiber 1 under test, as described above, 
a measurement system may be provided at the output side. In addition, a circulator may be used instead of the beam 
splitter 9 to reduce an insertion loss in the entire configuration of the above-described embodiments. 

industrial Applicability 

[0061] As described above in detail, according to the present invention, since the frequency-chirped light propagates 
through the optical fiber, further passes through the analyzer, and then is detected, and a self-beat signal obtained at 
this time is used to measure polarization mode dispersion, polarization-mode-dispersion is measured by a simple 
configuration with high sensitivity. Further, according to the present Invention, even when the PMD value is small, 
polarization-mode-dispersion measurement is always allowed to be performed without making a generated beat signal 
undetectable in a DC component. 



Claims 

1 . A polarization-mode-dispersion measuring device comprising: 

chirped light generating means for generating frequency-chirped light whose frequency changes in proportion 
to time; 

offset means for branching the frequency-chirped light generated by the chirped light generating means into 
two orthogonal linearly polarized components and for applying an optical path difference to the two linearly 
polarized components; 

a wave plate for rotating the linear-polarization directions of the frequency-chirped light sent from the offset 
means, by a predetermined angle; 

an analyzer for passing polarization components required for measurement after the frequency-chirped light 
has passed through the wave plate and has propagated through an optical fiber under test; and 
detection means for detecting light waves which pass through the analyzer and for detecting the polarization- 
mode dispersion value of the optical fiber under test according to a beat signal of the detected light waves. 

2. A polarization-mode-dispersion measuring device according to claim 1 , characterized in that: 

the analyzer is disposed such that it forms an angle of about 45 degrees with respect to a fast axis and a slow 
axis of the optical fiber under test. 

3. A group-velocity-dispersion measuring device according to claim 1 or 2 characterized In that: 

the chirped light generating means has a frequency-shifting element for shifting the frequency, and feeds back 
frequency-shifted diffraction light to generate the frequency-chirped light beams. 

4. A group-velocity-dispersion measuring device according to one of claims 1 to 3 characterized In that: 

the chirped light generating means has a ring cavity in which a gain medium, an excitation light source, a 
optical coupler, and a frequency-shifting element are connected in a ring shape. 
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5. A group-velocity-dispersion measuring device according to one ot claims 1 to 4 characterized in that: 

the chirped light generating means generates the frequency-chirped light whose frequency varies at a rate 
equal to the frequency shift amount which the frequency-shifting element applies to an optical wave in the ring 
cavity per cycle of the cavity. 

6. A group-velocity-dispersion measuring device according to one of claims 1 to 5 characterized In that: 

the chirped light generating means further comprises a band-bass filter to tune the oscillated wavelengths of 
the frequency-chirped light beams. 

7. A group-velocity-dispersion measuring device according to one of claims 1 to 5 characterized In that: 

the chirped light generating means uses an acousto-optic tunable filter as the frequency-shifting element, and 
tunes the oscillated wavelength using the driving frequency of the filter. 

8. A group-velocity-dispersion measuring device according to one of claims 1 to 6 characterized in that: 

the chirped light generating means uses an all-fiber acousto-optic modulator using an optical fiber as a medium 
as the frequency-shifting element to allow the measuring device to have an all-fiber configuration. 

9. A polarization-mode-dispersion measuring device according to claim 1 , characterized In that: 

the chirped light generating means comprises a light source whose oscillated frequency shifts with time. 

10. A polarlzation-mode-disperslon measuring device according to one of claims 1 to 9, further comprising a driving 
section for controlling the rotation angle of the analyzer and the wave plate, 

wherein the angle of the analyzer with respect to the fast axis and the slow axis of the optical fiber under test 
is fixed, the center frequency of the beat signal is measured with the rotation angle of the wave plate being used 
as a parameter, and a polarization-mode dispersion value is measured according to a measured peak value. 

11 . A polarization-mode-dispersion measuring method comprising: 

a step of generating frequency-chirped light whose frequency changes in proportion to time; 

a step of branching the generated frequency-chirped light into two orthogonal linearly polarized components 

and of applying an optical path difference to the two linearly polarized components; 

a step of rotating the linear-polarization directions of the frequency-chirped light by a predetermined angle; 

a step of propagating the frequency-chirped light to which the optical path difference is applied, through an 

optical fiber under test; 

a step of passing polarization components required for measurement after the frequency-chirped light has 
propagated through the optical fiber under test; and 

a step of detecting the light waves which pass through, and of detecting the polarization-mode dispersion 
value of the optical fiber under test according to a beat signal of the detected light waves. 

12. A polarization-mode-dispersion measuring method according to claim 11 , characterized by comprising a step of 
fixing the angle of an analyzer with respect to a fast axis and a slow axis of the optical fiber under test such that 
the required polarization components pass there through, 

wherein the directions of the linearly polarized components incident on the optical fiber under test are rotated 
by a predetermined angle, the center frequency of a beat signal is measured with the rotation angle being used 
as a parameter, and the polarization-mode dispersion value is measured according to a measured peak value. 
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